Studies related to floral biology are essential for the understanding of the ecological relations between different species, and the beginning of breeding programs. In this way, the aim of the study was to elucidate aspects of floral and reproductive biology and floral visitors of this species. Information about floral morphology and morphometry, anthesis, nectaries and pollinator attractive structures, characterization of floral visitors, receptivity of androcytic stigma and maturation, in vitro pollen storage and germination, and characterization of the reproductive system were obtained. The guabiju tree has hermaphrodite flowers, and the floral opening occurs mainly during the night, but also in the morning. Anthers are the main attractive structure to the pollinating insects, releasing fetid odor, attracting mainly flies and wasps characterized as occasional pollinators, and moths characterized as effective pollinators. For the germination of pollen, it is recommend using it without desiccation, collected in post-anthesis, and for the culture medium the use of 11% of sucrose and 7% of boric acid. Pollen presents recalcitrant behavior, so even when stored in refrigerator, freezer, liquid nitrogen and natural environment lose viability in less than 30 days. It presents high reproductive efficiency, and can be considered self-compatible; however, fertilization also occurs by cross-pollination.
Introduction
The Myrtaceae family belongs to the Angiosperm classification, Myrtales order and comprises about 100 genera and 3,000 species of trees and shrubs, distributed by all continents, except Antarctica (Marchiori & Sobral, 1997) .
It is one of the most representative families in the different vegetation formations of Brazil, possessing great wealth and phytosociological importance for the Brazilian forests (Leitão-Filho, 1993; Barroso & Peron, 1994) . In addition, the native species occupy a prominent position in the physiognomy of the forests of Southern Brazil, being represent in the Mixed Ombrophylous Forest, Pluvial of the Atlantic Slope, and in the Seasonal forests of Alto Uruguai or Serra Geral (Marchiori & Sobral, 1997) .
They are also among the most popular fruit trees because of their technological potential, being found in commercial and domestic orchards and occupying a prominent place in natural ecosystems (Simarelli, 2007; Fior, Rodrigues, Calil, Leonhardt, Souza, & Silva, 2010) , which increases the interest for these species, besides the nutritional and quality characteristics of fruits, which drives the research and industrialization sector.
Among the species of Myrtaceae, the guabiju tree (Myrcianthes pungens (Berg) Legrand) stands out mainly for its ecological, ornamental and nutritional characteristics of the fruits. It has a large occurrence and was found from the State of São Paulo to Rio Grande do Sul in the semideciduous forests of altitude (Marchiori & Sobral, 1997) .
The plant can reach 27 meters in height, trunk of smooth bark and little thick, evergreen and rounded crown. The leaves were present in a simple, bald, having three to seven centimeters in length and have a spiny apex, an important characteristic in the identification of the species (Marchiori & Sobral, 1997) . The flowers were hermaphrodite, light in color, 1.5 to 2.0 centimeters in diameter, usually occurring in the 'branch of the year' (new sprout). The fruits are of the pubescent berry type with fleshy pulp and sweet taste, velvety texture and purple coloration, each fruit having one to two seeds (Marchiori & Sobral, 1997; Lorenzi, 2006) .
There are few studies conducted with guabiju tree, such as those on chemical characterization and bioactive compounds of the fruits (Silveira, Lucena, Pereira, Garnés, Romagnolo, Takemura, & Laverde Junior, 2011; Nora, Danelli, Souza, Rios, Jong, & Flôres, 2014a; Nora, Jablonski, Rios, Hertz, Jong, & Flôres, 2014b; Nora et al., 2014c) , nutritional composition (Reis, Bernardi, Silva, & Facco, 2016) , properties of leaf essential oils (Zygadlo, Alicia, Rotman, Perez, & Negueruela, 2011) , and seed quality (Fior et al., 2010; Souza, Fior, Souza, & Schwarz, 2011) .
It is worth highlighting the potential of the species for industrialization and reforestation of degraded areas, mainly due to the attractiveness of the bird fauna. However, studies on the pollinators and floral, reproductive biology of the species were not found in the literature. These are essential for the understanding of the ecological relations between different species, the conservation of the germplasm, the elaboration of management protocols in cultivation and the beginning of breeding programs (Torres & Galetto, 2011; Danner, Citadin, Sasso, Sachet, & Malagi, 2011a; Françoso, Guaraldo, Prada, Paiva, Mota, & Pinto, 2014) .
With this in mind, the present study sought to elucidate aspects related to floral and reproductive biology of guabiju tree, neglected specie.
Material and methods
The study was developed with matrices of different genotypes located in the Universidade Tecnológica Federal do Paraná, Dois Vizinhos Campus and also the urban area of the same city, and the analyzes conducted in the Laboratory of Plant Physiology of the same institution. The matrices were register in the Herbarium of the Universidade Tecnológica Federal do Paraná, Dois Vizinhos Campus (BRASIL. PARANÁ: Dois Vizinhos, Herbarium of the Universidade Tecnológica Federal do Paraná, 19. IV. 2018, fl., and fr., Guollo, K. 5829 (DVPR) -urban area; Brazil. Paraná: Dois Vizinhos, Herbarium of the Universidade Tecnológica Federal do Paraná, 19. IV. 2018, fl., and fr., Guollo, K. 5830 (DVPR) -rural area).
To identify the two matrices used as a single species, they were compare through synoptic frames (Vidal & Vidal, 2010; Gonçalves, 2011) . Through these, it was also performed floral characterization (Vidal & Vidal, 2010) , and morphometry was performed using 100 flowers in post-anthesis, with the use of digital caliper.
For identification of the anthesis moment, observations were made in five non-consecutive days (5:00 a.m. to 8:00 p.m.) in four matrices of guabiju tree. One hundred floral buds were marked for follow-up, identifying the moment of each phenophase (early floral opening, full floral opening, early senescence, and total senescence).
In the laboratory environment (± 25°C), the controlled anthesis of pre-anthesis flowers fixed to phenolic foam was observed, accompanied until the moment of the complete floral opening.
The identification of nectar presence in fresh flowers was accomplish through the arrangement of micro capillary tubes in the pedicel, base of the sepals, petals, stamens and carpels, being identified its presence or absence (Versieux, Acosta, Jordao, Zidko, & Maia, 2014) . For visual identification of nectars, it was used a handheld digital microscope (Digital Microscope ® Model HD Color CMOS Sensor U500X).
Through direct observation of fresh flowers (post-anthesis) in an adapted camera provided with ultraviolet light (luminescence), floral structures of ultraviolet light absorption and reflection were identified, because the flower visitors' recognition of the flower is due to the contrast difference of these areas.
In order to identify the areas of greatest metabolic activity at the time of anthesis, fresh flowers were maintained for 60 minutes in a solution of 1% neutral red, diluted in distilled water. Therefore, through observation in a stereoscope, the presence of metabolic activity and osmophores (gland producing volatile substances, odor), which is represented in colored fabrics (Dafni, Kevan, & Husband, 2005) .
In order to identify a floral resource guide, a test with ammonium hydroxide was carried out in a capped container, cotton soaked with 10 mL of ammonium hydroxide, remaining for 10 minutes for atmosphere saturation. After this period fresh flowers were allocated into the same container, keeping it closed for an additional 10 minutes. The contrast difference observed is due to flavonoid-like pigments that absorb ultraviolet light while the other parts of the flower reflect it, allowing floral visitors to identify and locate the resources (Storti, 2002) .
To identify odor-releasing floral structures, flowers were dissected into sepals, petals, stamens and pistils, which were placed in test tubes sealed with film paper for five hours. After this period, ten volunteers were interview in order to identify the main odor releasing structure, and which type of exhaled odor (sweet, floral, citric, woody, among others) (Versieux et al., 2014) .
Still, for the identification of the moment of odor release, olfactory bioassay was conducted. For this, completely post-anthesis flowers were placed in a test tube sealed with film paper, being olfactory evaluated by volunteers at hourly intervals for 10 hours.
For the characterization of pollinators and floral visitors, observations were made on non-consecutive days, from 5:00 am to 8:00 pm, obtaining the visiting times and identification of the most frequent visitors (Kiill & Simão-Bianchini, 2011; Versieux et al., 2014) .
Pollinators were those who made frequent and legitimate visits (contact in all reproductive structures), occasional pollinators those who presented less frequent visits, even being a legitimate visitor and plunderers those who do not make contact with the reproductive structures (Matias & Consolaro, 2014) .
Photographic registration was also carry out and some visitors were capture, using a network and entomological vacuum cleaner being keep in FAA, for later identification of family, gender and species when possible, with the aid f an identification guide (Fujihara, Forti, Baldin, & Almeida, 2011) .
For the identification of the period of the stigma receptivity, 15 flowers for each floral stage (1) preanthesis;
(2) beginning of the anthesis; (3) total anthesis; (4) early senescence), were kept in a phenolic sponge in a natural environment, throughout the evaluation period. For the observation, 3% hydrogen peroxide were use, which through the peroxidase activity promoted the bubbling on the stigma, thus confirming the receptivity of the same (Kiill, Martins, & Silva, 2014; Versieux et al., 2014; Matias & Consolaro, 2014) .
To identify areas of higher metabolic activity at the time of anthesis, fresh flowers were maintained for 60 minutes in 1% neutral red solution. After this period, the flowers were observed in stereoscope, and the presence of metabolic activity were represented in the stained tissues, indicating the receptivity (Kearns & Inouye 1993; Dafni et al., 2005) .
The evaluation of the androceutical maturation was carry out through a stereoscope observation, identifying the release moment of the anthers pollen grains in pre and post-anthesis.
For the pollen storage and germination in vitro pre-anthesis floral balloons were collect, remaining in phenolic sponge until opening, so flower anthers in pre-and post-anthesis were detached and placed to dry in paper trays placed in a silica chamber at room temperature (± 25°C) for 8, 16 and 24 hours, causing anther dehiscence and release of the pollen grain. As control, pollen grains from fresh anthers were use, without desiccation.
The determination of the culture medium was carried out based on the concentration of the chemical components that provided the best germination of the pollen grains, in the previous experiment to carry out the following treatments, according to Figueiredo, Pio, Silva, and Silva (2013) .
Initially, the design was completely randomized (CRD), in a bi-factorial scheme, with factor A corresponding to the time of the pollen grains collection (pre-and post-anthesis), and factor B corresponding to the desiccation time (0; 8, 16 and 24 hours). The culture medium used at first stage consisted of 1% agar for solidification and 10% sucrose. Then the sucrose concentration in the culture medium was evaluate with five levels (0, 10, 20, 30 and 40%).
After obtaining the results, using the ideal condition for collection and desiccation of the pollen grains, and the concentration of sucrose that gave the highest percentage of germination, the addition of boric acid (0, 5, 10, 15 and 20%) to the culture medium.
To solidify the culture medium 1% agar was added, dissolved in distilled water and heated in a microwave oven until complete dissolution. The medium poured into Petri ® dishes was cut with the help of a spatula after cooling, forming small blocks that were arrange on slides on which the pollen was sprinkle with a brush n° 4.
The slides were place in Gerbox ® -type boxes containing moistened paper and incubated in an oven B.O.D. (Biological Demand Oxygen) type at controlled temperature (25°C) for 24 hours. For each treatment, eight replicates were use, each block of culture medium in each of the slides representing one replicate.
Grains with pollen tube length equal to or greater than the diameter of the pollen grain were considered to be germinate.
After obtaining germination results above 80%, the pollen grains were stored in refrigerator (5°C), freezer (-17°C), liquid nitrogen (-147°C) and natural environment (± 25°C), evaluating the germination monthly, until total loss of viability.
The obtained data were submitted to the normality test (Lilliefors) and homogeneity of variance (Bartllet). The observed means resulting from the first experiment were transformed into an arc of /100. Given the assumptions of the model, they were submitted to analysis of variance (ANOVA) to verify the significance of the factors and their interactions. When significant, the Duncan averages test at 5% of probability for the qualitative factor and regression analysis for the quantitative factors was applied, using Genes software (Cruz, 2013) .
For the characterization of the reproductive system, two plants were selected, due to the occurrence of greater flowering, using 25 flowers for each treatment, performing: (1) spontaneous self-pollination (flower buds bagged); (2) manual self-pollination or geitonogamy (flowers bagged the day before anthesis and, after the flowers were opened, manual pollination with flower pollen from the same plant); (3) control or open pollination (marked flower buds, making them accessible to flower visitors); (4) cross-pollination or xenogamy (pre-anthesis emasculation and pollination using pollen from another plant). For crosspollination, pollens were used with 88% germinative percentage, previously tested.
For the execution of the treatments, the receptivity of the stigma was considered, and all the manipulated flowers were isolated (paper bags) the day before the procedures were performed, to avoid contamination with pollen from other species. The treatments were followed until fruit maturation or floral abscission.
The self-incompatibility index (SII) were calculate from the relation between the percentage of fruit from manual self-pollination and the percentage of fruit from cross-pollination. When the SII does not exceed 0.25, it means that the species is self-incompatible (Oliveira & Gibbs, 2000) . The rate of spontaneous selfpollination (SSP) was calculate from the relation between the percentage of fruits formed by spontaneous self-pollination and the percentage of fruits formed by manual self-pollination. The closer to zero the SSP, the smaller is the possibility of this reproductive strategy (Polatto & Alves-Junior, 2009 ).
The reproductive efficiency (RE) was obtained through the ratio between the percentage of fruits formed by open pollination (control) and that of fruits formed by manual cross-pollination (Polatto & Alves-Junior, 2009 ).
Results and discussions
Through the observations made in this study (Figure 1) , it is possible to infer about the characterization that guabiju tree has single leaves with a whole margin, with characteristic spinescent apex, and opposite disposition. It has hermaphrodite and diclamid flowers with four petals of white color and four sepals of green coloration. The flowers are actinomorphs, dialipetals, gamosepals, heterodyne and dialysemane stamens free from each other, with yellowish coloration and rhyming (longitudinal) dehiscence, and are solitary in groups of 5 to 6 flowers. The stylet is erect, simple fillet and exerts (protruding in the throat of the calyx / crown); infertile ovary, bilocular and pluriovular, possessing on average 30 eggs per lobe.
The floral opening of guabiju tree occurs mainly during the night, with approximately 75% starting the anthesis at approximately 10:00 p.m., completing it in approximately 2 hours. Approximately 25% of the flowers begin anthesis at 5:00 p.m., completing it in approximately 1 ½ hour after, which was also observed in Myrciaria dubia (HBK) McVaugh (Maués & Couturier, 2002) , and may be related to the habit of visits of the pollinators of the species.
Approximately 30 hours after total anthesis occurs senescence, remaining only the chalice and the stylet until the beginning of the fruit formation.
Flowers of guabiju tree are devoid of nectaries, which is common in other species of the Myrtaceae family, and the main resource offered by these is the pollen (Maués & Couturier, 2002) .
No ultraviolet light reflectance was observed in guabiju flowers through the luminescence test, which does not prove to be an efficient test for the species. However, in other tests, it was possible to detect the presence of osmophores in the anthers and pollen of flowers. These results show that the anthers presented significant color changes through the exposure to ammonia hydroxide, which shows the presence of flavonoids that absorb ultraviolet light, thus contrasting with the ultraviolet light reflecting regions, characterizing in this case the floral resource guides (Storti, 2002) . The odor of guabiju tree flowers is concentrated in the male structures (anther / pollen), and it has been maintained since the beginning of the anthesis and lasts for an average period of 8 hours. The odor on pollen grains occurs due to the presence of volatile oils characteristic of the Myrtaceae family (Maués & Couturier, 2002; Silva & Pinheiro, 2007) .
The fetid odor characteristic found in guabiju flowers is not common in species of Myrtaceae, which is generally characterize as fruity and sweet (Maués & Couturier, 2002; Pires & Souza, 2011) , but can be characterized for the genus Myrcianthes O. Berg as slightly sour.
Regarding the observation of floral visitors, it was found that the Syrphidae family had the highest number of visits and visitors, mainly of the Diptera order ( Figure 2D , E, F), with 48.96% of the visitors, followed by the Vespidae (Hymenoptera) families with 22.4%; Apidae (Hymenoptera) with 13% (Figure 2A) , Pyralidae (Lepdoptera) with 5%; Formicidae (Hymenoptera) with 4.12%; Chrysomelidae (Coleoptera) with 3.52% ( Figure 2B) ; and Coccinellidae (Coleoptera) with 2.94%.
The identified flies and wasps were observed moving between the flowers of the same plant, sometimes touching both reproductive structures, thus being able to be characterized as occasional guabiju pollinators (Matias & Consolaro, 2014) . According to Faegri and Van der Pijl (1979) flies are not stimulated to visit special parts of the flowers such as anthers or stigma but rather due to the foul odor that becomes attractive for oviposition, ensuring food for the larvae.
Few bees were observed, however, being the first visitors in the morning, which showed preference for flowers at the beginning of the anthesis, remaining on the reproductive structures for approximately 5 seconds. Although they are legitimate visitors, the bees observed were characterize in this case as occasional pollinators due to less frequent visits (Matias & Consolaro, 2014) . The main resource sought in this case are the pollen grains.
The moths identified in the nocturnal period (Ettiela sp., Elasmupalpus sp. (Pyralidae)) were observed moving between the flowers, always touching both reproductive structures, remaining in the flower for approximately 5 seconds, being characterized as effective pollinators of guabiju tree, also due to frequent visits in the observed period (Matias & Consolaro, 2014) .
Visitors from other families (Chrysomelidae, Formicidae, Coccinellidae) were characterized as plunderers of the species (Matias & Consolaro, 2014) , by looting fallen pollen grains on the perianth or feeding on part of the flower structures, and by the little movement, not allowing the efficiency transfer of the pollen grains. In both tests, it was observed that 100% of the guabiju flowers are receptive from the time of preanthesis to the beginning of senescence. However, the enzymatic activity of peroxidase, visualized by bubbling on stigma was higher in post-anthesis flowers. As well as observed in Myrcia guianensis (Aubl.) DC. and M. laruotteana Cambess (Pires & Souza, 2011) , and citrus (Ramos, Pasqual, Salles, Chagas, & Pio, 2008) .
In addition, the anthers are dehiscent at the beginning of the floral balloon opening, thus releasing the pollen along with the peak receptivity of the stigma.
There was a significant interaction at 1% probability level of the error between floral development stage and desiccation time, rejecting the hypothesis of nullity H0 (Table 1) . The adjusted regression equations were significant at 1% probability level by the t-test. Regarding the stage of floral development, the best germination percentages were observed in post-anthesis (25%), and when obtained in pre-anthesis the germination of the pollen was only 2%, proving unsuitable for collection ( Figure 3) . As for desiccation, the viability of the pollen grains decreases as this period increases, possibly showing recalcitrant behavior. It is also observed in Figure 2 that a higher percentage of germination can be obtained with fresh pollen grains (without desiccation), and 25% can be obtained when it is dried for a maximum of 2.5 hours.
The loss of water from the pollen grains can occur even before dispersion, and the time to reduce the water content is short when compared to the seeds, which can occur within a few hours after the anthesis or even before this (Franchi, Piotto, Nepi, Baskin, Baskin, & Pacini, 2011) . Thus, the study of this behavior becomes paramount considering that these factors have a direct influence on the success of fertilization (Cabral, Rossi, Klein, Vieira, & Giustina, 2013) .
Subsequently, using fresh pollen grains from post-anthesis flowers, the effect of adding sucrose to the culture medium was verify. The sucrose factor has been shown to be significant, however, the germination percentage obtained can still be considered low, and according to the MTEP (maximum technical efficiency point), and it is possible to obtain 25% germination by adding approximately 11% sucrose to the culture medium (Figure 4 ). Acta Scientiarum. Biological Sciences, v. 41, e43904, 2019 Results found in the literature demonstrate that sugars are the most important components of the culture medium for the in vitro germination of pollen grains (Lyra, Sampaio, Pereira, Silva, & Amaral, 2011; García, Guarnieri, & Pacini, 2012) . However, for guabiju, the presence of other substances is necessary, since combinations of sugars and boric acid may be more efficient in the germination of the pollen grain.
In this way, as the germinative percentage obtained was show below value considered satisfactory (80%), the effect of adding boric acid to the culture medium was evaluated, considering the best results obtained previously.
The addition of boric acid to the culture medium showed to be efficient on the germination of guabiju tree pollen grains, reaching high germinative percentage. The MTEP shows that when 7% of boric acid is used the germination can reach 99% ( Figure 5 ). Pollen germination can be stimulated by different chemical components, however, the boric acid according to Franzon and Raseira (2006) , stimulates the growth of the pollen tube and decreases the probability of disruption of the pollen grains.
Possibly, due to this complex, the addition of boron was beneficial in the germination of the guabiju tree pollen grains. The addition of boron was also efficient on the germination of pear and mulberry pollen grains (Chagas, Pio, Chagas, Pasqual, & Bettiol Neto, 2010; Figueiredo et al., 2013) .
Regarding the storage of pollen grains, for both conditions tested, there was a total loss of viability in the first evaluation (30 days). Contradictory result to that obtained with Plinia cauliflora (DC.) Kausel, P. trunciflora (O. Berg) Kausel and P. jaboticaba (Vell.) Berg), (Danner, Citadin, Sasso, Scariot, & Benin, 2011b) also from Myrtaceae, in which the pollen viability was maintained for up to 90 days in a freezer.
The analysis of pollen viability is crucial before crossing, since the flowering period of the plants under study can be short and, when not feasible the crosses (Chagas et al., 2010) .
In view of the above, it was recommended for future studies that the evaluation of the pollen viability of guabiju tree be carried out weekly, considering that the pollen grains have recalcitrant behavior, and in this way besides the impossibility of water loss, the loss of viability occurs more quickly.
It was verified the formation of fruits of guabiju tree in all forms of pollination tested, mainly through natural pollination (effective fruiting), however, the percentage of fertilized flowers and fruits formed was only 20% (Table 2) . According to studies carried out by Danner et al. (2011b) with Plinia cauliflora, P. trunciflora and P. jaboticaba, the effective fruiting can also vary between the periods of the crosses, species and evaluated genotypes.
For the other forms of crossing, there was also no decrease in the ratio of fecundated flowers and formed fruits ( Table 2 ). According to Fidalgo and Kleinert (2009) , the reproductive system of species of the Myrtaceae family can vary from complete self-sterility to apomixis and may be associated with the evolutionary processes of each species. Similar result was find in guava tree (Psidium guajava L.) which produced fruits in all forms of crossing, even when flowers were prevent from visiting insects (spontaneous self-pollination). The results show that the wind besides the insects, can exert influence on the pollination, as well as observed in guava tree (P. guajava) (Alves & Freitas, 2007) .
As for the reproductive indexes obtained, guabiju tree can be considered self-compatible because the SII obtained is higher than 0.25 (Table 2) , which according to Oliveira and Gibbs (2000) characterizes selfincompatible species. Self-compatibility may be associated with pollinator inefficiency (occasional pollinators or pollinators) and the low number of visits, which could be visualize in guabiju in the present study and in Stigmaphyllon paralias A. Juss. (Malpighiaceae) (Costa, Costa, & Ramalho, 2006) .
Self-incompatibility may contribute to the prevention of inbreeding; however, it may be a limiting factor on self-fertilization in situations where it is not possible to cross (Goldberg, Kohn, Lande, Robertson, Smith, & Igic, 2010) . Thus, self-compatibility is beneficial in some cases, ensuring the perpetuation of species where there is low population density and deficiency of pollinating agents and cross-fertilization is less frequent (Schoen & Busch, 2008) .
In relation to SSP, the value obtained (1.00) shows that there is probably no need for pollinators to carry out the pollination in this species (Table 2) , due to their self-polluting capacity (autogamous), attesting to the hypothesis that this occurs mainly through the wind. Contrary to what has seen in other species, such as Bauhinia curvula Benth (Fabaceae), in which there is no fruiting after spontaneous self-pollination, thus presenting pollinator dependence due to the position of the stigma in relation to the anthers (Munin, Teixeira, & Sigrist, 2008) , which does not occur in guabiju tree.
As for ER, it was high (1.66) (Table 2) , due to the high percentage of fruiting, and the absence of abortions in flowers submitted to cross-pollination and in natural conditions, indicating good efficiency in the transfer of viable pollen to the stigma of the flower, either through pollinators or also by the wind.
Despite the high reproductive efficiency, it is suggested that in order to carry out the management to conserve guabiju trees, further studies should be carried out on the populations of pollinators observed in this study, since many of them have been identified as occasional pollinators or pollinators and pollinators with fewer visitors, which may be impacted by habitat degradation.
Conclusion
With the data obtained in this research, a great advance in the understanding regarding the floral and reproductive biology of guabiju tree, as well as interactions with pollinators were elucidate. This information will be useful and primordial for future studies, such as breeding projects, as well as dissemination of knowledge for the exploration and formation of commercial orchards, making possible the domestication of the species.
